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Abstract
In order to determine student attitudes toward various aspects of network-based instruction
234 individuals voluntarily participated in research to ascertain their tendencies that will likely
facilitate, or interfere with, interacting and learning from this innovative technology. Partici-
pants were requested to respond anonymously to 60 items of a survey, designed to assess their
attitudes toward distinct facets of network-based instruction, as well as two separate forms
developed to ascertain their learning and cognitive styles. Student responses to survey items,
and measures of learning and cognitive styles, were analyzed using a number of multivari-
ate and univariate statistical techniques. Students with assimilating and accommodating
learning styles demonstrated significantly more agreeable attitudes toward varied aspects of
network-based instruction than students with converging and diverging learning styles. These
findings partially supported the general hypothesis. Recommendations are made to appro-
priate sponsors, academic administrators, faculty members, and instructional developers,
interested in realizing on-line learning. Published by Elsevier Science Ltd.
Keywords: Learning styles; Student attitudes; Network-based instruction
1. Introduction
1.1. Internet technology
Distance learning (Keegan, 1996) typically implies instruction via nontraditional
means, i.e. courses via correspondence, radio, television, satellite, and, more
recently, Internet with its associated software, hardware, multimedia, digital links,
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and supplementary audio and videotapes or CD-ROMs. Also, it implies on-campus
classes, seminars, and workshops where the instructor is not physically present, and
communicates with students at several sites simultaneously via electronic media
(http://www.pages.prodigy.com/PAUM88A/).
Two types of distance education are frequently mentioned: (1) ‘‘Synchronous
instruction requires the simultaneous participation of all students and instructors. . .
interaction is done in ‘real time’,’’ e.g. video teletraining, computer conferencing;
and (2) ‘‘Asynchronous instruction does not require the simultaneous participation
of all students and instructors. Students do not need to be gathered together in the
same location at the same time’’, e.g. electronic mail, Internet-based courses (some
of these can be synchronous using innovative technology) (http://www.fwl.org/
edtech/distance/html).
The ‘Internet’ is a physical collection of interconnected computers: a network of
networks for transferring data among computers and providing on-line services to
users on a global scale, using phone lines, coaxial cables, data links, wireless com-
munications, switching devices, and other conduits (PC Novice, 1996).
Internet-based information and communication technologies are changing how
instruction and assessment are being conducted in innovative schools, colleges, and
universities throughout the world. Training and testing are experiencing a noticeable
transition ‘‘from the traditional centralized, local, classroom-teacher focused
approach, to a de-centralized, global, network based, student focused one’’ (http://
www.altgrp.com/Vision.html). With the widespread use of personal computers in
the classroom, on the job, and at the home, and the connectivity to the Internet
increasing exponentially, many individuals have immediate access on their desktop
to remote educational resources, and even instruction itself.
Consequently, education and training do not have to be confined to classrooms
and campuses, and students and teachers do not have to be present at the same
place and time for instruction. Teaching can occur on local or global networks, and
distributing educational materials can occur electronically, or on CD-ROMs, thus
capitalizing on multimedia formats. These yield several advantages, specifically: (1)
access to a potential worldwide student body; (2) provide better teaching materials
prepared by experts; (3) update rapidly course materials; (4) enable instant access to
these resources for students and teachers; and (5) tailor instruction for self study
(http://www.altgrp.com/Vision.html).
The Internet can provide video, but not as rapidly as videotape, television, or CD-
ROM. It can support personal communication in real time, but not as eciently as
telephone or video conferencing. It can display textual and graphic materials, but
not as easily as books and magazines. The Internet appears to have two primary
advantages when compared to other educational media: (1) it enables the combined
use of other media in an interactive manner to connect remote people inexpensively;
and (2) it is not only an instructional delivery vehicle, but also a content provider
enabling access to what is arguably the largest and most diverse resource for infor-
mation, which can be incorporated into instructional design and development. The
Internet has several aspects that appear to give it a number of other advantages for
distance education, specially: it can (1) transmit text, graphics, audio, video, and
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data; (2) support real-time interaction among many individuals over considerable
distances; (3) connect eectively and eciently people throughout the world; and (4)
be used relatively inexpensively as a substrate for on-line instruction (http://
www.coe.uh.edu/ichen/1721.html).
Many programs and protocols are in place that can be employed to implement
Internet-based education, for example: World Wide Web (Web) serves as a hyper-
text and multimedia interface, electronic mail allows for asynchronous communica-
tion between individuals, Internet Relay Chat (IRC) enables real-time discussion
among remote people, Usenet permits asynchronous discussion and sending of
multimedia and data, Multiple User Domains (MUDs) and Multiple Object Orien-
ted domains (MOOs) provide for real-time interaction in text-based virtual worlds.
These separate features can be used individually or jointly to deliver remotely dis-
tinct educational programs (http://www.coe.uh.edu/ichen/1721.html).
IRC is Internet software for carrying on electronic conversations in real time
between, allegedly, a large number of individuals, where dierent channels carry
separate conversations, and users can move among channels sending messages
containing lectures or discussions in written form (http://www.fwl.org/edtech/
www.html).
MOOs are software representing a virtual textual environment that permits real-
time communication over the Internet by telnetting to a host computer and ending
up in a virtual room, enabling conversation with anyone else occupying the ima-
ginary space at the same time. This permits synchronous conferencing, which allows
individuals at dierent locations to interact and collaborate, thus having utility for
distance education. MOOs are a form of MUDs with the latter enabling the sending
of ‘‘MUD-mail’’ messages and posting bulletins on boards for public discussion and
interaction (http://www.fwl.org/edtech/www.html).
Probably, the most popular capability of the Internet is electronic mail, permitting
the asynchronous contacting and collaborating of remote individuals, thereby pro-
viding a powerful tool for several aspects of remote education: e.g. instructional
delivery, student assessment, feedback comments, counseling individuals. ‘‘List-
servs’’ are electronic mailing lists utilized for electronic mail-driven discussions that
can also be employed to support distinct facets of distance education (http://
www.fwl.org/edtech/www.html).
Dual disadvantages of MOOs, MUDs, Listservs, and electronic mail from an
instructional perspective are they generate copious amounts of text, and are limited
to this medium thereby curtailing the flexibility of delivery. Allegedly, this technol-
ogy may be able to support distance education, but as far as the author is concerned,
it seems to involve too much text processing to be user friendly and pedagogically
practical for many academic institutions.
1.2. Web-based education
Contrariwise, Web-based education organizes subject matter as hypertext docu-
ments (Burbules & Callister, 1996; Jonassen, 1986; Wilson & Jonassen, 1989) on the
Internet, allowing the retrieval and display of not only text, but also, for example,
P-A. Federico /Computers in Human Behavior 16 (2000) 359–379 361
graphics, videos, or audios, which have many pedagogical advantages. This multi-
media capability permits much more flexibility in the delivery of instruction by
individuals selecting hypertext links, thus allowing the nonlinear interaction with
information. This innovative technology can be used to complement customary
instruction, or to provide complete courses over the Internet, especially the sciences
and mathematics, which employ many symbols, simulations, and graphics (Tergan,
1997; http://www.fwl.org/edtech/www.html).
The Web is a collection of cross-linked, usually graphical, ‘pages’, stored on
computers around the globe, for providing friendly direct-manipulation interfaces
for, or ‘point-and-click’ access to, worldwide sites discovered via browsing pro-
grams, e.g. Netscape’s Navigator, and search engines, e.g. Yahoo! (PC Novice,
1996). With its implicit hypermedia design (Federico, 1999; Jonassen, 1989, 1993;
Kommers, Grabinger & Dunlap, 1996), the Web represents an innovative means of
structuring and presenting on-line instruction, because it can simultaneously serve as
delivery medium, content provider, and subject matter (Nix & Spiro, 1990).
Hypermedia refers to on-line settings where networks of multimedia nodes
connected by links are used to present information and manage retrieval. Nodes
containing texts, graphics, videos, audios, animations, models, simulations, visu-
alizations, are accessed and viewed by interactive browsers, e.g. Microsoft’s
Internet Explorer. Although connectivity among nodes is constrained by the
design of the specific network-based educational environment, the student
ultimately determines navigational paths through the nodes, by freely controlling
the movement among nodes, according to intrinsic interests and present goals
(Milheim & Martin, 1991).
Educational environments employing hypermedia attracted the attention of
instructional designers, chiefly because of the adaptability or flexibility they aord
individual learners. Students are able to follow links or paths through the on-line
content within the context created by the developer, or chart their own routes
according to individually prescribed requirements, changing dynamically during the
process of acquisition (Large, 1996).
By using a seemingly ‘‘ever expanding network of nodes and links’’, courseware
developers can create representational maps, i.e. Web pages, to guide students
through customary knowledge domains (Federico, 1997, 1998, 1999). The fanciest
Web site can be entirely ineective for facilitating learning, if it is not based on
sound design principles extrapolated from well-substantiated instructional theory
(Cyrs & Conway, 1997; Jacobson, 1994; Vosniadou, De Corte, Glaser & Mandl,
1996; http://cdwf.cc.utexas.edu/mcmanus/wbi.html).
Possible links to Web pages, not produced by developers themselves, enable
almost an infinite expansion of instruction; however, they are out of teacher control,
and under direct learner control. By employing cognitive flexibility theory (Spiro,
Coulton, Feltovich & Anderson, 1988; Spiro, Vispoel, Schmitz, Samarapungavan &
Boerger, 1987) and hypermedia of the Web, the instructional designer is in control,
by creating nonlinear multidimensional paths traversing the subject matter, to pro-
vide multiple perspectives of the content, in order to guide student acquisition.
Nevertheless, because of this hypermedia environment, individual learners are able
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to control their own paths through complex subject matter, independently of the
guidance provided by the courseware designer. Yet, if too many links are available,
learners can quickly and easily get lost in cyberspace. Or, content at these other
uncontrollable sites can unexpectedly change, or simply not be readily accessible by
students, thus interfering with the intended instruction (http://cdwf.cc.utexas.edu/
mcmanus/wbi.html).
The hypermedia of the Web may be slower than CD-ROM or laser disk at deli-
vering large graphic, audio, and video files, but the subject matter of Web-based
education can be altered relatively easily. Academic institutions can use Web-
supported hypertext in conjunction with multimedia delivered to individuals on CD-
ROM, in order to permit rapid access and more flexible content (http://www.coe.
uh.edu/ichen/1721.html).
A ‘‘World Lecture Hall’’ has evolved with links to pages produced by a global
faculty using the Web to deliver instructionally relevant materials, e.g. course
assignments, syllabi, handouts, readings, notes, tests, schedules, and multimedia
presentations for subject matters ranging from accounting to zoology. Even senior
management courses integrating corporate, business, and international strategies are
presented on the Web, where students participating in learning experiments actively
interact with worldwide Internet resources. Class home pages aid students with
direct links to local and remote computer resources and suggested guidelines for
using them (http://www.utexas.edu/world/lecture/). On-line elements of courses can
support nonresidential as well as residential instruction.
1.3. On-line learning
If there are a small number of students and instructors, and they are located close
geographically, then there is likely little need for the remote connecting capability of
the Internet. However, when there are many learners and teachers, and/or they are
separated from one another at a distance, the use of the Internet should be con-
sidered as a viable candidate for the delivery of instruction (http://www.coe.uh.edu/
ichen/1721.html).
The Internet is an appropriate medium for instruction when the instruction is
designed for many learners, separated geographically and the subject is one that
can be conveyed through text and graphics, on-line interaction, and limited
audio and video. . . the Internet is best suited for ill-structured intellectual and
cognitive domains. . . (http://www.coe.uh.edu/ichen/1721.html).
On-line universities usually conduct all classes and business via computer net-
works. Some institutions oer partially on-line programs, incorporating other elec-
tronic media typically adopted for distance education. Many virtual universities,
colleges, and schools, based especially in Europe and the United States, provide
distance instruction sometimes internationally, to students on-line via the Internet.
Most oer vocational and career-oriented development programs in management
and administration.
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Some examples of these are: (1) Usenet University’s Global Net Academy, a
network of many universities providing ‘‘lifelong learning’’; (2) Consorzio per
l’Universita Distanza, a consortium of Italian universities, multinational companies,
and public and private institutions, developing methodologies for distance educa-
tion and delivering course content through multimedia systems; (3) Britain’s Open
University, a test of ‘‘virtual summer school’’ where students attended electronically
on-line lectures, tutorials, and discussions; (4) Global School House, a number of
electronic collaborative classrooms supplemented by teleconferencing and retrieving
information over the World Wide Web; (5) Global Laboratory, a National Science
Foundation-sponsored project in 18 countries employing electronic mail, bulletin
boards, and on-line reference materials to support collaboration among students,
instructors, and scientists at remote sites; (6) Connected Education, Inc., of the New
School of Social Research, a computer conferencing classroom environment to
conduct courses for professionals in business, administrative, and educational com-
munities across 32 states in the USA and Canada as well as Asia, Europe, Middle
East, and South and Central America; (7) Electronic University Network, a national
learning network linking accredited universities and colleges oering on-line courses
across many disciplines; (8) Nova University, a curriculum oering courses for the
on-line completion of master and doctoral degrees in resources management, infor-
mation technology, and computer education; and (9) Rochester Institute of Tech-
nology, a variety of distance-learning technologies are used to oer undergraduate
and graduates programs in health administration, management, and other areas.
(For an alphabetical listing of American public and private universities and colleges,
oering educational programs either in whole or part employing computer net-
works, see http://www.usc.edu/dept/annenberg/vol1/issue1/hutchison/vunivs.html.
Also, the Globewide Network Academy is producing a Web-searchable central list-
ing of on-line courses and degree programs worldwide [http://www.gnacademy.
org:8001/uu-gna/].)
Appearing on the Web are experiments in ‘electronic experiential education’,
telecommunications-based education, or Internet-based instruction. Employing
interactive communications and simulations, students can participate in the ‘global
classroom’ creating in eect a common on-line culture (http://ics.soe.umich.edu//
#menu). An example of another kind of electronic experiment in learning is the
‘‘Electric Renaissance’’, a hybrid course, with an initial face-to-face class meeting
and required traditional readings, which are supplemented by other on-line resour-
ces and assignments, where discussions are electronically conducted (http://
www.idbsu.edu.80/courses/hy309/syllabus.html). Also, simulation scenarios, such as
that involving the continuous Israeli-Arab conflict (http://www.hardy.ocs.mq.
edu.au/control!/scenario.html), can be presented to students via the Internet to
support their instruction and assessment.
‘‘NovaNet’’ is another model of electronic education oering interactive curricu-
lum materials, student assessment, records keeping, electronic mail, bulletin boards,
and cyber conferencing, course management, software tools to develop customized
curricula, and contact with a community of technology-oriented educators (http://
www.nn.com/yourlink.html). The courseware used in this endeavor incorporates
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many instructional paradigms designed to maximize student motivation and higher
order thinking skills, e.g. mastery-based tutorials, group learning activities, problem
solving, information retrieval, on-line dialogs, simulations and role playing, and
educational games.
All of these electronic academic and administrative aids support interschool part-
nerships, where they are remotely located from one another, thus providing the tech-
nological infrastructure required for a virtual university. The Internet is being used in
the classroom to join together into virtual groups students and professors from dif-
ferent universities in several countries. Educational experiments have been conducted,
demanding that a very considerable amount of students’ work is performed via elec-
tronic media, to motivate them to master new computer technology, in order to
complete an assigned common task, using networked tools and resources (http://
gamma.management.mcgill.ca/iic.html#whatis). In addition to directly teaching stu-
dents the subject matter, interacting with Internet-based instructional systems would
likely indirectly teach some of them to better utilize this technology, to support their
current or future job performance and complete their corporate mission, which
requires an ever-increasing use of sophisticated computer-based systems.
The flourishing of distance education programs has produced many regional and
national consortia, having their own virtual universities or cybercampuses, where
disparate programs have pooled their course oerings, e.g. Western Governors
University (http://www.wgu.edu), Southern Regional Electronic Campus (http://
www.srec.sreb.org), Common Market of Courses and Institutes (http://www.
cic.uiuc.edu/CMCI/cmci_hompage.htm), Community College Distance Learning
Network (http://ccdln.rio.maricopa.edu), Florida’s Campus (http://www.flcampus.
org), Indiana College Network (http://www.icn.org), and Pennsylvania Virtual
University (http://business.ship.edu/vu/).
New School’s Distance Instruction for Adult Learning (DIAL) program enables
individuals to come conveniently to class by connecting to an electronic campus via
their computers, where instructors use electronic mail to ask questions, answer quer-
ies, assess learners, and provide feedback, and students discuss subjects by posting
comments, questions, and observations (http://dialnsa.edu/dial/html#dial1). The
model for this instruction is the classroom seminar; however, in this environment,
communications are conducted via electronic messages that participants post for each
other. On this electronic campus, textbooks, journal articles, and audio and video-
tapes are used for classroom discussion, and oce hours can be held as conversations
over the network, or the telephone (eventually, likely over the videophone). In order
to implement this mode of instruction, faculty are oered information and support to
adapt their traditional teaching strategies to this innovative instructional environ-
ment, during an intensive training session before the beginning of their electronic
course. A sample DIAL course can be seen at http://dialnsa.edu/infobahn.html.
As far as the author is concerned, DIAL curricula entail too much text processing,
and not enough multimedia presentations and interactions as well as face-to-face
encounters and exchanges. Because of this aspect, it may not be an appropriate
model for many pedagogical programs. Others agree that a major disadvantage of
electronic mail-based instruction is that the interaction required between instructor
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and students, and among students themselves, generates a considerable amount of
text, which can quickly and readily pile up because of frequent exchanges (http://
www.fwl.org/edtech/distance/html).
By employing the electronic campus OnLine Education, individuals can work
towards a degree from an accredited overseas university without having to travel,
thus minimizing these expenses and associated living costs. This electronic campus
provides a virtual environment, similar to that expected at a traditional university,
including real-time teleconferencing, discussion forums, electronic mail for trans-
mitting assignments and receiving feedback, connections to on-line libraries and the
Internet, records of interactions between students and instructors, and expected on-
line classes, seminars, and individual tutoring, course materials supplied by compu-
ters and with hardcopy backups, plus opportunities for face-to-face meetings, in
order to implement interactive and distributed learning (http://www.online.edu/
online/online.htm#1).
The Learning Through Collaborative Visualization project (CoVis), The School of
Education and Social Policy, Northwestern University, enables individuals to work
in collaboration with remote students, instructors, and scientists, who form com-
munities of practice centered on common problems. CoVis uses a range of colla-
boration and communication tools: ‘‘desktop video teleconferencing, shared
software environments for remote, real-time collaboration; access to resources of the
Internet; a multimedia scientist’s notebook, and scientific visualization software’’
(http://www.covis.nwu.edu/info/CoVis_OV.html). CoVis is attempting to improve
scientific understanding by using visualization tools in a collaborative context. This
eort tries to uncover and coordinate the organizational, behavioral and cognitive
components, necessary for remote learners and scientific experts to work together,
employing computer and network technologies.
CoVis presumes that there are social and cognitive benefits of collaboration that
are theoretically and practically based upon the:
. . .self-explanation eect. . . whereby students who are asked to explain what
they know (or think they know) in the midst of learning task wind up learning
better. . . [and] zone of proximal development eects. . . By working with more
knowledgeable others, students are able to have learning experiences which
would be impossible for them otherwise (http://www.covis.nwu.edu/info/CoVis
_OV.html).
CoVis employs telementoring using computer-mediated communications, when
face-to-face relationships would be impractical.
‘‘Mediated Learning is a faculty-guided, learner-centered approach to instruction
and learning that takes advantage of the combined strengths of the instructor, the
learner and multimedia technology to create an individualized learning environment
and increase student academic achievement’’ (http://www.academic.com/lev1/
mlcncept.html). It builds upon the traditional instructional model, and introduces
an allegedly eective combination of multimedia software, real-time testing and
feedback, and advanced assistance to teachers and students.
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1.4. Learning styles
A primary principle of adaptive instruction is that no single instructional strategy
is best for all students. Consequently, students will be able to achieve learning goals
more eciently, when pedagogical procedures are adapted or accommodated to
their individual dierences (Federico, 1991). Some student attributes or character-
istics historically considered or studied as individual dierence indices for adaptive
instruction have alternatively included pretask cognitive aptitudes and abilities as
well as within-task mental mechanisms and dynamic acquisition measures (Federico,
1980, 1987). Theoretical or conceptual problems, in addition to methodological dif-
ficulties, have limited the practical payo from research in adaptive instruction,
using these mentioned indices of individual dierences (Federico, 1991).
According to Hickcox (1995, p. 39), ‘‘as the issue of learning style has been raised,
researched, and applied it appears that educators in elementary, secondary, and
higher education have found a plethora of uses, as well as misuses, for learning style
inventories.’’ She described the overabundance of learning styles inventories within a
framework of three major models or categories: (1) instructional and environmental
learning preferences; (2) information processing learning preferences; and (3)
personality-related learning preferences, initially discussed by Curry (1987), and
corroborated by Marshall (1987).
Assessing students’ learning styles provides awareness of their particular pref-
erences, which can be used to design, develop, and deliver educational resources to
maximally motivate and stimulate their acquisition of subject matter in an attempt
to individualize instruction (Curry, 1987; Marshall, 1987). Understanding styles can
improve the planning, producing, and implementing of educational experiences, so
they are more appropriately compatible with students’ desires, in order to enhance
their learning, retention, and retrieval.
This reported research was intended to determine student attitudes toward various
aspects of network-based instruction: cognitive, aective, and behavioral tendencies
that are likely to facilitate, or interfere with, interacting and learning from this
innovative technology. Also, analyses of student attitudes and learning styles will
help design, develop, and deliver more eective and ecient network-based educa-
tional environments, for distributed individuals who will eventually be taking on-
line courses. This study focused on student attitudes among individuals disclosing
dissimilar learning and cognitive styles.
The general hypothesis was that individuals who highly preferred combined
reflective observation and abstract conceptualization learning modes would manifest
significantly more favorable attitudes toward network-based instruction, than indi-
viduals who highly preferred combined (1) concrete experience and reflective obser-
vation learning modes, (2) abstract conceptualization and active experimentation
learning modes, or (3) concrete experience and active experimentation learning
modes. This hypothesis is theoretically based upon the idea that individuals, who
highly exhibited combined reflective observation and abstract conceptualization
learning modes would be more cognitively compatible, mentally tuned, or reason-
ably resonant with network-based instruction, than individuals who highly exhibited
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combined (1) concrete experience and reflective observation learning modes, (2)
abstract conceptualization and active experimentation learning modes, or (3) con-
crete experience and active experimentation learning modes.
It was speculated that either concrete experience or active experimentation, when
combined with reflective observation or abstract conceptualization, would mitigate
the inclinations of the latter to be harmonious with on-line learning. Concrete
experience indicates ‘‘being sensitive to feelings and people’’, and active experi-
mentation indicates ‘‘influencing people and events through action’’. These people-
oriented inclinations would likely lessen reflective observation, ‘‘viewing issues from
dierent perspectives’’, and abstract conceptualisation, ‘‘acting on an intellectual
understanding of a situation’’, both reflecting analytical functioning together with
an impersonal orientation. Consequently, the implicit perceptual sets intrinsic to
these latter two learning modes, which seem more compatible with supposedly une-
motional computer-based systems, would manifest themselves in significantly less
favorable beliefs, feelings, and tendencies toward on-line learning environments.
2. Method
2.1. Participants
Students, enrolled in dierent academic departments of The Naval Postgraduate
School, were asked to voluntarily participate in this research. They were requested
to respond anonymously to each item of a survey, designed to assess their attitudes
toward distinct facets of network-based instruction, as well as two separate forms
developed to ascertain their learning and cognitive styles. Students were asked to
participate, in order to obtain a suciently large sample size, for analyzing the data
statistically and extrapolating to the potential population of on-line learners.
The academic departments from which students were asked to participate, and
corresponding sample sizes of those who completed the survey and accompanying
two other forms, were as follows: Computer Science (38), Electrical and Computer
Engineering (37), Executive Management Education (25), Oceanography (25),
Operations Research (35), Physics (33), and Systems Management (41). Conse-
quently, the total size of the student sample for this study was 234.
2.2. Instruments
A paper-based attitude survey was created, consisting of 60 Likert-formatted
items to measure student attitudes toward varied aspects of network-based
instruction. Participants were required to indicate agreement or disagreement with
each statement, by placing a check mark at the response alternative that most closely
reflects their opinion. They were asked to use the entire extent of the seven-point
scale, ranging from very strongly agree, strongly agree, agree, undecided, disagree,
strongly disagree, to very strongly disagree, to show their response for each item.
These response alternatives for each item were scored 7, 6, 5, 4, 3, 2, and 1,
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respectively. It took participants approximately 15 minutes to respond to all items of
this educational research form.
For the first part of the survey composed of 12 items, network-based instruction
was theoretically classified along two dimensions: content (facts, concepts, proce-
dures, and principles) and performance (find, use, and remember). Participants
were required to indicate their opinion, concerning the appropriateness of network-
based instruction for learning how to find, use, and remember facts, concepts,
procedures, and principles. For the second part of the survey composed of 48
items, participants were required to indicate their opinion, concerning various
aspects of the learning environment for network-based instruction, e.g. hypertext,
hypermedia, nodes, links, navigation, chunking, animation, learner control and
interaction, screen and instructional design. At the beginning of this part of the
survey, hypertext, hypermedia, nodes, links, and learner control were defined and
explained for the few participants, who may, however, unlikely be uninitiated in
the use of this technology, with the exponentially expanding popularlity of the
Internet, intranets, and World Wide Web. The most important items, identified by
statistical analyses, will be presented in Section 3. The alpha reliability coecient
for the 60 items of this attitude survey, using the total sample of 234 participants,
was computed to be 0.91. This index implies the created attitude survey has high
reliability.
Kolb’s Learning-Style Inventory, Form LSI-IIa, published by the Training
Resources Group, Hay/McBer (Smith & Kolb, 1996) was used to assess learning
styles. This instrument is assumed to measure four learning modes: Concrete
Experience, Reflective Observation, Abstract Conceptualization, and Active
Experimentation. Concrete Experience reflects ‘‘learning from feeling and specific
experiences, relating to people, being sensitive to feelings and people’’. Reflective
Observation reflects ‘‘learning by watching and listening, carefully observing before
making judgments, viewing issues from dierent perspectives, looking for meaning
of things’’. Abstract Conceptualization reflects ‘‘learning by thinking, logically ana-
lyzing ideas, systematic planning, acting on an intellectual understanding of a
situation’’. Active Experimentation reflects ‘‘learning by doing, ability to get things
done, risk-taking, influencing people and events through action’’. When combined,
these scales yield indices of learning styles or types (Kolb, 1981).
The Learning Style Inventory is supposed to describe individual dierences in the
ways people learn and how they handle ideas and daily situations. Participants were
presented with 12 items: sentences with choice of endings. Individuals were required
to rank the endings of each sentence, according to how well they think each one fits
the manner they go about learning something. Then, using the spaces provided for
each item, participants were asked to assign a rank of ‘‘4’’ for the sentence ending
that explains how they learn the best, down to ‘‘1’’ for the sentence ending that
explains how they learn the least. Participants were asked to take no more than 10
minutes to complete this self-reported inventory. Scores were calculated for each of
the four learning mode scales, by summing the rankings an individual assigned to
every one of the 12 items comprising a dimension. The test-retest reliabilities of the
four learning mode scales for an initial sample size of 711 are reported as follows:
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Concrete Experience, 0.92; Reflective Observation, 0.93; Abstract Conceptualiza-
tion, 0.94; and Active Experimentation, 0.91. These stability coecients indicate the
four learning mode scales have high reliabilities.
The cognitive style field-independence was measured using the Hidden Figures
Test, Part 1, published by the Educational Testing Service (Ekstrom, French,
Harman & Dermen, 1976). Field independence is assumed to measure a pre-
dominantly analytical mode of information processing, contrary to a predomi-
nantly global or holistic mode. It is thought to reflect the inclination to perceive
figures as distinct from their surrounding backgrounds, and objects as dier-
entiated from their embedding contexts, as opposed to experiencing events holi-
stically in an undierentiated manner. Field independence is believed to assess
proficiency in analytical functioning together with an impersonal orientation;
while, field dependence is believed to assess less proficiency in analytical function-
ing together with greater social orientation. For each of the 16 items of this test,
participants were required to identify which one of five simple figures appeared in a
more complex pattern. They were asked to complete this first part of the test in 12
minutes. To adjust for guessing, the score for each participant was the number of
correct items minus the number of incorrect items, divided by one less than the
number of response alternatives for each item. The reliability of the Hidden Fig-
ures Test, Part 1, for a sample of 119 males is reported to be 0.82, which is
moderately high.
2.3. Procedure
The attitude survey, learning style inventory, and cognitive style test, together
with their corresponding instructions, were bound in a booklet, which was admi-
nistered to some students in their scheduled classes or meetings, where they com-
pleted all three forms. For some curricula, it was less obtrusive to distribute the
booklets to individuals through their departments, and ask participants to respond
and return them within a few days. In order to increase the size of the student sam-
ple from the Executive Management Education curriculum, some booklets were
mailed to distributed individuals, who were asked to complete and return them
within approximately 30 days. Once booklets were recovered, scores for each of the
four learning style scales and the cognitive style test were calculated. These figures,
together with scores for every one of the 60 items of the attitude survey, were entered
into a database for all participants, who were only identified by coded curriculum
and booklet number. Following this procedure, a file of 15,210 data points was cre-
ated for the total sample of 234 participants.
3. Results and discussion
These data were used to compute a number of multivariate procedures: cluster,
discriminant, and factor analyses, and their associated statistics, as well as several
univariate techniques: variance analyses, range tests, correlational indices, and
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reliability estimates. Just the salient results from these statistical analyses will be
presented, reflecting dierences in measured attitudes among students possessing
dissimilar learning styles.
The four learning mode measures: Concrete Experience (CONXPR), Reflective
Observation (REFOBS), Abstract Conceptualization (ABSCON), and Active
Experimentation (ACTEXP), and one cognitive style measure: Field Independence
(FLDIND), were clustered analyzed using Ward’s method, in order to place all 234
participants into separate groups formed on an ad hoc basis. This was accomplished
by the multivariate procedure, minimizing the variance among members of each
created cluster, while maximizing the variance among these statistically constructed
groups, producing homogeneous assemblages of specific participants, possessing
similar learning and cognitive styles.
In order to determine whether and how these four clusters were significantly dif-
ferent, a discriminant analysis and associated statistics were computed among the
derived groups, employing members’ learning mode and cognitive style measures.
Three significant discriminant functions were disclosed, accounting for 100% of
the variance among the created clusters (first function: eigenvalue=3.50; percent
variance=71.00; canonical correlation=0.88; Wilks’ lambda=0.08; chi-squared
(15)=582.59; P=0.000; second function: eigenvalue=1.03; percent vari-
ance=20.88; canonical correlation=0.71; Wilks’ lambda=0.35; chi-squared
(8)=238.75, P=0.000; third function: eigenvalue=0.40; percent variance=8.12;
canonical correlation=0.53; Wilks’ lambda=0.71; chi-squared (3)=0.000).
Rotated standardized discriminant coecients, one-way univariate analyses of
variance, Duncan multiple range tests (P<0.05), and group means indicated these
separate clusters had significantly dierent learning style profiles (for CONXPR:
F(3,230)=217.78, P=0.000; for REFOBS: F(3,230)=27.59, P=0.000; for
ABSCON: F(3,230)=121.21, P=0.000; for ACTEXP: F(3,230)=69.52, P=0.000).
The first cluster had medium (24.42) CONXPR, high (30.50) REFOBS, medium
(28.64) ABSCON, and high (38.49) ACTEXP. The second cluster had med-
ium (24.49) CONXPR, low (23.26) REFOBS, high (36.67) ABSCON, and high
(36.59) ACTEXP. The third cluster had high (38.75) CONXPR, high (30.08)
REFOBS, low (24.92) ABSCON, and low (26.45) ACTEXP. The fourth cluster had
low (18.87) CONXPR, high (31.79) REFOBS, high (39.79) ABSCON, and medium
(29.62) ACTEXP. These statistically derived profiles were consistent with Kolb’s
four learning styles: Accommodator, Converger, Diverger, and Assimilator, respec-
tively, and so labeled. The cognitive style, FLDIND, did not contribute to the sig-
nificant discrimination among the clusters; consequently, this measure was not
considered in subsequent statistical analyses.
Results from the stepwise discriminant analysis among the derived clusters,
employing responses to the 60 attitude items and considering their multivariate
interrelationships, indicated that three independent dimensions distinguished par-
ticipants possessing distinct learning styles. These three significant discriminant
functions, or linear combinations of attitude items which maximally dierentiate the
obtained clusters, accounted for 100% of the variance among the four learning style
profiles.
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3.1. Design of network-based instruction
For the first orthogonal dimension (eigenvalue=0.27; percent variance=39.28;
canonical correlation=0.46; Wilks’ lambda=0.54; chi-squared (75)=135.75,
P=0.000), dealing predominantly with design of network-based instruction and
hypermedia, the rotated standardized discriminant coecients revealed that student
responses to eight of the attitude items contributed to the significant separation
among learning style profiles. Presented in order of their importance, according to
the sizes of their discriminant coecients for this linear function, these items and
their corresponding contents are as follows:
(8) Network-based instruction will be appropriate for learning how to use
principles.
(25) Network-based instruction should have highly structured content,
demanding mastery of prerequisite sequential steps or units, before learning
can continue.
(35) Visual cues (e.g. color, underlining, bold, italics, headings, arrows) will be
eective in gaining and maintaining attention, while interacting with hypertext.
(28) Organizing course content into meaningful units, logical sections, or indi-
vidual chunks will facilitate learning with hypertext.
(12) Network-based instruction will be appropriate for learning how to
remember principles.
(44) Benefit derived from learning with hypermedia will involve accessing
information that supports learners’ associative thinking processes.
(36) Meaningful connections among linked nodes should only be based upon
more complete explanation of concepts, or hierarchical or peripheral relation-
ships among ideas, to facilitate learning from hypertext.
(43) Hypermedia-based learning environments should allow student browsing
(narrowing down) and wandering (broadening up) through course content.
Cluster centroids for the first discriminant function, assessed at the learning style
profiles’ mean scores for these eight items, revealed how the four derived groups of
participants were positioned along this linear dimension: the discriminant function
transformed a participant’s item score into a single discriminant score. This indi-
cated an individual’s position along the linear dimension, understood as ranging
from high to low agreeableness, which maximally separated the four learning style
clusters. Therefore, the ranking of these aggregations, according to their computed
centroids for this discriminating dimension, indicated their relative degrees of
agreeableness toward proposed design considerations for network-based instruction
and hypermedia, specifically: Assimilator (0.49), Diverger (0.46), Accommodator
(ÿ0.23), and Converger (ÿ0.75).
Using individuals’ discriminant scores derived for this first dimension, a one-way
univariate analysis of variance and Duncan’s multiple range test (P<0.05) were
computed among learning style profiles. These statistics established: (1) assimilating
participants, possessing high REFOBS, high ABSCON, medium ACTEXP, and low
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CONXPR learning modes, manifested significantly (F(3,230)=19.13, P=0.000)
more favorable attitudes toward suggested design aspects for network-based
instruction and hypermedia, than converging participants, possessing high
ABSCON, high ACTEXP, medium CONXPR, and low REFOBS learning modes,
and accommodating participants, possessing high REFOBS, high ACTEXP, med-
ium CONXPR, and medium ABSCON; (2) diverging participants, possessing high
CONXPR, high REFOBS, low ABSCON, and low ACTEXP, manifested sig-
nificantly more favorable attitudes toward suggested design aspects for network-
based instruction and hypermedia, than converging and accommodating partici-
pants; and (3) accommodating participants manifested significantly more favorable
attitudes toward suggested design aspects for network-based instruction and hyper-
media than converging participants.
Subsequently, not considering the multivariate interrelationships among attitude
items, one-way univariate analyses of variance, Duncan’s multiple range tests
(P<0.05), and group means revealed individuals with distinct learning style profiles
responded to items (8) and (25) significantly dierently. For item (8), convergers
(4.53) indicated significantly (F(3,230)=2.77, P=0.043) more positive attitudes than
divergers (3.88) and assimilators (3.98). For item (25), assimilators (4.96) manifested
significantly (F(3,230)=2.72, P=0.045) more agreeable attitudes than convergers
(4.28) and accommodators (4.49). Sampled students with converging learning style
profiles were more favorable that network-based instruction will be appropriate for
learning how to use principles, than sampled students with assimilating learning style
profiles and diverging learning style profiles — high CONXPR, high REFOBS, low
ABSCON, and low ACTEXP learning modes. Also, sampled students with assim-
ilating learning style profiles were more approving that network-based instruction
should have highly structured content, demanding mastery of prerequisite sequential
steps before learning can continue, than sampled students with converging learning
style profiles and accommodating learning style profiles — high ACTEXP, high
REFOBS, medium CONXPR, and medium ABSCON learning modes.
3.2. Beliefs about network-based instruction
For the second orthogonal dimension (eigenvalue=0.22; percent variance=32.46;
canonical correlation=0.43; Wilks’ lambda=0.68; chi-squared (48)=83.25,
P=0.001), concerning chiefly beliefs about network-based instruction and hyper-
media, the rotated standardized discriminant coecients indicated that student
responses to 10 of the attitude items contributed to the significant separation among
the clusters. Appearing in order of their importance, according to the relative sizes
of their discriminant coecients for this linear function, these items and their cor-
responding content are as follows:
(7) Network-based instruction will be appropriate for learning how to use
procedures.
(54) Hypermedia-based instruction should build on previous learning experi-
ences of students.
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(5) Network-based instruction will be appropriate for learning how to use
facts.
(17) Individuals’ curiosity will be noticeably aroused and maintained when
employing hypermedia for on-line learning.
(21) Network-based instruction will be excellent for learning, retaining, and
supporting managerial skills.
(42) Exploring hypermedia on the Internet, employing browsers (e.g. Netscape
Navigator, Microsoft Internet Explorer), is readily learned, easily used, e-
ciently accomplished, and greatly satisfying.
(23) Network-based instruction will be an instructionally rich medium, because
it will provide many verbal and nonverbal cues, permit direct feedback, employ
natural language, and encourage personal concentration.
(27) Dividing themes or thoughts into discrete nodes for hypertext will impede
the comprehension of the subject matter.
(47) Learners will be given more control over content, access to content, and
interaction with content in hypermedia instructional environments.
(51) Low density computer screen designs, having relatively large amount of
white space compared to original text or graphics, will be preferable for
hypermedia-based instruction.
Cluster centroids for the second discriminant function, assessed at the learning
style profiles’ mean scores for these 10 items, disclosed how the four derived groups
of participants were positioned along this linear dimension. The ordering of the
clusters, according to their computed centroids for this discriminating dimension,
indicated their relative degrees of agreeableness about beliefs concerning network-
based instruction and hypermedia, specifically: Assimilator (0.51), Converger (0.23),
Accommodator (ÿ0.13), and Diverger (ÿ0.93).
Utilizing individuals’ discriminant scores derived for this second dimension, a one-
way univariate analysis of variance and Duncan’s multiple range test (P<0.05) were
computed among learning style profiles. These statistics established: (1) diverging
participants, possessing high CONXPR, high REFOBS, low ABSCON, and low
ACTEXP learning modes, revealed significantly (F(3,230)=18.23. P=0.000) less
favorableness regarding beliefs about network-based instruction and hypermedia,
than accommodating participants, possessing high REFOBS, high ACTEXP, med-
ium CONXPR, and medium ABSCON, converging participants, possessing high
ABSCON, high ACTEXP, medium CONXPR, and low REFOBS, and assimilating
participants, possessing high REFOBS, high ABSCON, medium ACTEXP, and low
CONXPR; and (2) accommodating participants revealed significantly less favor-
ableness regarding beliefs about network-based instruction and hypermedia than
assimilating participants.
Afterwards, one-way univariate analyses of variance, Duncan’s multiple range
tests (P<0.05), and group means indicated individuals with distinct learning style
profiles responded to items (51) and (54) significantly dierently. For item (51),
accommodators (4.44) disclosed significantly (F(3,230)=3.15, P=0.026) more posi-
tive attitudes than divergers (3.78). For item (54), assimilators (5.40) disclosed
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significantly (F(3,230)=2.57, P=0.055) more agreeable attitudes than divergers
(4.88). Sampled students with accommodating learning style profiles (high
ACTEXP, high REFOBS, medium CONXPR, and medium ABSCON learning
modes) were more favorable that low density computer screen designs, having rela-
tively large amount of white space compared to original text or graphics, will be
preferable for hypermedia-based instruction, than sampled students with diverging
learning style profiles (high CONXPR, high REFOBS, low ABSCON, and low
ACTEXP learning modes). Also, individuals with assimilating learning style profiles
(high REFOBS, high ABSCON, medium ACTEXP, and low CONXPR learning
modes) were more agreeable that hypermedia-based instruction should build on
previous learning experiences of students, than individuals with diverging learning
style profiles.
3.3. Learning from network-based instruction
For the third orthogonal dimension (eigenvalue=0.20; percent variance=28.27;
canonical correlation=0.40; Wilks’ lambda=0.84; chi-squared (23)=39.01,
P=0.020), indicating interacting with and learning from network-based instruction
and hypermedia, the rotated standardized discriminant coecients disclosed that
student responses to seven of the attitude items contributed to the significant
separation among learning styles profiles. Appearing in order of their importance,
according to the sizes of their discriminant coecients for this linear function, these
items and their corresponding contents are as follows:
(15) Individuals will have a great deal of control over their interactions with
network-based course content.
(14) Interacting with network-based instruction will be too demanding and
anxiety producing for on-line learning.
(20) Interacting with network-based instruction will induce playful and
exploratory behavior in students.
(52) Low density computer screen designs, presenting content in smaller con-
ceptual units, will require an increased number of instructional frames, thereby
interfering with learning from hypermedia.
(34) Drawings, graphics, illustrations, or animations will enhance the learning
of hypertext course content.
(33) Instructional information provided at nodes and accessed by hypertext
links should be no longer than short paragraphs which themselves contain only
a small number of hot links.
(55) Hypermedia-based instruction should be situated in functional contexts of
real-world events and activities.
Cluster centroids for this third discriminant function, evaluated at the learning
style profiles’ mean scores for these seven items, exposed how the four derived
groups of participants were positioned along this linear dimension. The arrangement
of clusters, according to their computed centroids for this discriminating dimension,
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reflected their relative degrees of agreeableness toward distinct aspects of interacting
and learning from network-based instruction and hypermedia, specifically: Accom-
modator (0.59), Assimilator (ÿ0.05), Diverger (ÿ0.35), and Converger (ÿ0.54).
Employing individuals’ discriminant scores derived for this third dimension, a
one-way univariate analysis of variance and Duncan’s multiple range test (P<0.05)
were computed among learning style profiles. These statistics established: (1)
accommodating participants, possessing high REFOBS, high ACTEXP, medium
CONXPR, and medium ABSCON, manifested significantly (F(3,230)=15.06,
P=0.000) more agreeableness toward interacting and learning from network-based
instruction and hypermedia, than converging participants, possessing high
ABSCON, high ACTEXP, medium CONXPR, and low REFOBS, diverging parti-
cipants, possessing high CONXPR, high REFOBS, low ABSCON, and low
ACTEXP, and assimilating participants, possessing high REFOBS, high ABSCON,
medium ACTEXP, and low CONXPR; and (2) converging participants manifested
significantly less agreeableness toward interacting and learning from network-based
instruction and hypermedia than assimilating participants.
Within the contexts of this study and social psychological theory, students’ atti-
tudes were considered beliefs about, feelings toward, and dispositions to respond to
various aspects of network-based instruction. These cognitions, feelings, and action
tendencies were viewed as being organized into a multidimensional system. Once this
structure was uncovered, theoretical and practical insights were possible into the
nature of individuals’ attitudes. The discriminant analyses and associated statistics
conducted in this investigation revealed multiple independent attitudinal dimen-
sions, which significantly separated dissimilar learning styles. Interrelated individual
survey items, contributing to separate discriminating functions, were considered
attitude clusters. These interconnected items were viewed as being homogeneous in
the sense of contributing to a single discriminating function, and heterogeneous
in the sense of generally dierent items contributing to distinct discriminating func-
tions. Entire sets of clusters, or independent dimensions, for learning styles were
thought of as constituting attitude constellations. This information may be used to
not only predict and control student behaviors, but also design and develop indivi-
dualized on-line instruction, which is more compatible with their distinct attitudes,
thereby probably notably improving their acquisition performances in network-
based educational environments.
Generalizing from multivariate and univariate results, it was established that stu-
dents possessing dissimilar learning styles, disclosed significantly dierent attitudes
toward various aspects of network-based instruction. It was ascertained that stu-
dents with assimilating and accommodating learning styles demonstrated sig-
nificantly more agreeable attitudes toward varied aspects of network-based
instruction than students with converging and diverging learning styles. These find-
ings partially supported the general hypothesis: individuals who highly preferred
combined reflective observation and abstract conceptualization learning modes
(assimilators) would manifest significantly more favorable attitudes toward net-
work-based instruction, than individuals who highly preferred combined (1) con-
crete experience and reflective observation learning modes (divergers), (2) abstract
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conceptualization and active experimentation learning modes (convergers), or (3)
concrete experience and active experimentation learning modes (accommodators).
These established results help shed some light on the reality, reliability, validity,
and utility of the concept of learning styles. According to Hickcox (1995, p. 42),
On one hand, learning styles may not exist other than as unsubstantial artifacts
on the interaction between people and the learning environment. On the other
hand, learning styles can be real and stable enough to be useful to educational
planners, specifically those who are concerned about individualized education-
al programs.
Kolb (1984) suggested: if learning style is considered a state as opposed to a trait,
because of the many probable interrelationships among learning modes, then there is
a low probability of any individual in a selected sample to manifest an unadulterated
learning style over time. This salient aspect can reduce the reliability of learning style
inventories (Geller, 1979). In this manner, the matter of the reliability of learning
style measures becomes less relevant (Hickcox, 1995), though not unimportant.
Curry (1987) indicated individuals involved the design, development, and delivery
of educational programs may benefit in the experimental application of learning
style instruments, in order to individualize instruction. This can be achieved by
assisting students to discover their own learning styles, and understand the implica-
tions of these indices for their probable performances in dierent educational
environments. Knowledge of this kind will facilitate individuals in utilizing their
learning styles more eectively, and help developers more appropriately plan edu-
cational experiences. ‘‘They should seek to match the primary mode of educational
delivery to the best learning style information available, and in turn apply the
information most appropriately to the intended audience’’ (Hickcox, 1995, p. 43).
It was assumed throughout this research that student attitudes aect how indivi-
duals interact with, and learn from, network-based instruction. For learning styles,
the findings of this study suggested the most agreeable attitudes disclosed by stu-
dents with assimilating and accommodating profiles will likely facilitate interacting
and learning from network-based instruction. Whereas, the least agreeable attitudes
disclosed by students with diverging and converging profiles will likely interfere with
interacting and learning from network-based instruction.
Extrapolating from the preceding results, the following recommendations are
made to appropriate sponsors, academic administrators, faculty members, and
instructional developers, interested in realizing on-line learning:
1. Take into account the dierent learning styles uncovered by this research for the
sampled students: assimilating, accommodating, diverging, and converging pro-
files. Endeavor to design, develop, and deliver network-based instruction, which
considers the dissimilarities among these styles, in order to facilitate student
learning in on-line educational environments. That is, attempt to adapt network-
based instruction to dierent learning styles disclosed by sampled students, to try
optimize their interaction with the content and acquisition of knowledge.
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2. Strive to modify individual attitudes, regarding design of, beliefs about, and
learning from network-based instruction, revealed in this study for students
possessing diverging and converging learning styles. Demonstrating for stu-
dents with these profiles, examples of well planned, produced, and imple-
mented on-line learning, may make their attitudes more agreeable toward the
distinct facets of network-based instruction, which were the interest of this
research. More agreeable attitudes among students with these dierent learn-
ing styles will likely facilitate their interacting and learning from network-
based instruction.
4. Disclaimer
Opinions or assertions contained herein are those of the author and are not to be
construed as ocial or reflecting the views of the Department of the Navy.
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